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TECHNICAL FlELO 

The present invention relate to a method of monitoring the front end of flowing res.n pourea into a 
mold cavity. 
BACKGROUND ART 

• ,„„ rrnrt.tions there is a need lor the injection speed to be determined depending 
When setting ,n,ec ,on cond tior^- here .s a e > ^ a 

on the .low -^^^^n^^^S resistance is caused to change when the resin 
now resistance or ^^"Jg* 0 an abfupl chang e in the sectional area of passage due to 
(.owing through the c ™""J°™™Z **e cavity, or when the direction ol the resin How has changed 
*• Ch TZZ^ Z SSSTpiSrol L injection speed must be set in consideration of the 
extremely. Accord ngl, J-^T ^ „ shoul(j be note d that the injection speed herein means a 
ZfJ^jSX^ZZ* * noz,e of an injection molding machine, in other words, the 
speed at "™ . b jnjected int0 ^ cavit y per unit t.me. 

Cnnl7ona.lv a 5^ shot method his been used to check the state of resin filling the cavity. This 
5Tr«2' C omorises the steps of opening a mold after injecting a small amount of resm to check 

r^^ssi^^. the am ° unt °' the iniected resin in sequence - ,indin9 

the amount of resin , pou ed .mo me jf w ^ o| ^ fesin whjch has . been 

f^rr^ p— - «» ^ speed based onihese 

SC Tn IS shot method as described above, the amount of resin must be increased a little at a time 
tor njeSL andte mo.d must be opened to check the position of the front end 0. the resm poured £0 
k ST™ time the injection is executed, which is a time and labor consum.ng work. Also, the short 
Z™*ZZ*ZZ 35 to some kind of molds, for example, for connectors. In addition, the mo.d 
may be Haged due to an excessive fining of resin in the process of searching for the .n.ecfon cond.t.ons 
usino the short shot method. This is a problem of this method. 

furthermore it is important to determine the relationship between the sta,e ol resin injected into the 
,0 cavity SdTe screw position, not on.y lor determining the changeover position of the in.echon speed but 
also lor providing a reference in determining the injection speed and injection pressure. 

DISCLOSURE OF THE IrivEJ'TION 

JS The object of the present invention is to provide a method of monitoring a resin position within a cavity 
through an automatic display of the relationship between a state of resin injected into the cavrty and the 

SCr6 |n 2S«M» achieve the above object, the first aspect of the present invention comprises the steps of: 
partitioning the mold cavity into a plurality of regions with border sections where flow resistance of 
40 poured resin undergoes a great change: a „ H 
setting volumes of thus partitioned regions into a control unit of an injection molding machine, and 
displaying on the display unit screw positions when the leading end ol the resin reaches the border 
sections, and a screw back position, based on a screw diameter, the amount of cushion which has been set. 
and said volumes of the regions, through said control unit 
45 Furthermore, the second aspect comprises the steps of: n f 
partitioning the mold cavity into a plurality of regions with border secfons where flow resistance of 
poured resin undergoes a great change: 

setting volumes ol thus partitioned regions into a control unit of an in.ection molding machine, ana 
displaying on the display unit screw positions at the time when the front end of the resin caches the 
border sections in the cavity, based on a screw diameter, a screw back position wh,ch has been set. and 
said volumes of the regions, through said control unit 

Preferably, the injection molding machine is controlled by the control unit having a processor, and said 
volumes of the regions are determined at the time of designing the mold by CAD system so as to be set 

,nt °Mo?eTetorabl£ on a display screen there appear, a screw coordinate axis and a picture of acyiinoer 
corresponding to said screw coordinate axis, and on said screw coordinate axis there are P lotted mde *" 
each representing a screw back position, a screw position corresponding to |f» K OT ^J^~^"? 
screw positions where the front end of the resin reaches the border sections .n the cavity so that the picture 
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of the screw resting on each position can be correspondingly pict;ed on the cylinder being displayed. 

More preferably, said display screen further displays a picture of the cavity section and the fccrcer 

sections^ ^ ^ v0lume of £ fegion within the cavity. D be the diameter of the screw, and S be the amcun: 
of the screw stroke (screw displacement) required to fill the region having the volume v with resin, then the 
following relationship is established. 

S = v / ((D/2) 2 . * ) 0) 

Therefore, substitute the total volume V of the cavity for v in the above expression (1) to find the 
amount of a screw stroke S enough to fill the entire cavity with resin. As a result, a screw back position can 
be obtained by adding the amount of cushion, which has been set. to the amount of screw stroke S. 
Subsequently, a screw stroke is determined in accordance with the above expression (1) for each of 
volumes of the regions having differently set flow resistances, and the corresponding screw strokes are 
sequentially determined for the regions in the order of precedence to be filled with resin. The obtained 
values are added in sequence, and. b3sed on the results and the above screw back position, a screw 
position, where the front end of the resin reaches each of the border positions having different flow 
resistances, is determined. On the other hand, in the order reverse to the order according to which the resin 
is injected into the regions, the corresponding screw strokes may be determined in sequence. The obtained 
20 values are sequentially added, and, based on the results and the amount of cushion, a screw position. 
where the front end of the resin reaches each of the border positions in the cavity having different flow 
resistances, is determined. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Fig. 1 is a flowchart of the in-cavity resin position monitoring process which is an embodiment of the 
present invention; 

Fig. 2 is an explanatory drawing of the screw positions; 

Fig. 3 is an explanatory drawing of the volumes with respect to the regions having different flow 
oo resistances in the mold cavity; and 

Fig. 4 is a block diagram illustrating a principal part of the injection molding machine for practicing one 
embodiment in accordance with the present invention. 

8EST MODE FOR CARRYING OUT THE INVENTION 

35 

An embodiment of the present invention will now be described with reference to the accompanying 
drawings. 

Fig. 4 illustrates an electrically driven injection molding machine which is an embodiment for practicing 
a method in accordance with the present invention as well as a principal part of a control system thereof. 

jo Referring to this drawing, the electric injection molding machine comprises a numeric control system 100 
serving as a control system, a screw 1, a heating cylinder 4. an injection servomotor 2 for axially driving the 
screw 1, and a pulse coder 3 affixed on the injection servo motor 2. The numerical control system 100 
(referred to as an NC system hereinafter) for controlling the injection molding machine includes . a 
microprocessor 108 (referred to as a CPU hereinafter) for numerical control or NC, and a CPU 110 for a 

45 programmable machine controller (referred to as a PMC hereinafter). The CPU 110 for the PMC is 
connected to a ROM»ll3 which stores, for example, a sequence program for controlling a sequential 
operation of the injection molding machine, and a RAM 106 used for temporarily storing data. 

The CPU 108 for NC is connected to a ROM 111, which stores a manager program for generally 
controlling the injection molding machine, and to servo circuits which individually drive and control 

so corresponding servomotors of the shafts for injection, clamping, screw rotation, ejector and the like 
respectively through a servo interface 107. Fig. 4 shows only a servo circuit 101 associated with the 
injection servo motor 2 among such servo circuits. 

Furthermore, a nonvolatile sheared RAM 103. constituted of a bubble memory or a CMOS memory, 
includes a memory section which stores an NC program for controlling actions of the injection molding 

55 machine, and a setting memory section which stores a variety of setting values, parameters, and macro 
variables. A bus arbiter controller 109 (referred to as a 8AC hereinafter) is connected to each of the buses 
of the CPU 108 for NC, the CPU 110 for the PMC. the shared RAM 103. an input circuit 104. and an output 
circuit 105. for controlling the buses to be used. Additionally, a manual data input unit with a CRT display 
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114 (referred to as a CRT MDI hereinafter) is connected via an operator panel controller 1 12 to the 3AC 109 
so as to input various instructions and setting data through manipulating control keys such as a soft key or 
a ten key. Moreover, a RAM 102. which is connected to the CPU 108 for NC through bus. is used for 
temporary storage of data or other applications. 

s Fig. 4 illustrates members only associated with an injection shaft, that is. the injection servo motor 2 
which drives the screw 1 for injection, and the pulse coder 3 which is mounted on the injection servomotor 
2 and detects the rotation of the servomotor to find out a screw position, whereas the other members 
associated with other shafts such as a closing shaft, a screw rotating shaft, and an ejector shaft are not 
shown. Also, for the servo circuits of the NC system 100. only the servo circuit for the injection servo motor 

to is shown, and the servo circuits for the other shafts are omitted. 

In the above configuration, the CPU 108 for NC distributes pulses via the servo interface to each of the 
servo circuits corresponding to tho shafts in accordance with a programmed displacement instruction, and 
drives the servomotors associated wittv various shafts. Furthermore, the CPU 110 for the PMC performs a 
sequential control in the conventional manner. 

75 Next, description will bo made of the process of monitoring the relationship between the position of the 
screw 1 and the amount of resin injected into a mold. 

Passage section where a flow resistance of the resin poured into a mold cavity changes largely is first 
determined in the mold cavity, whereby the cavity is partitioned into a plurality of regions, and then volumes 
of thus obtained regions are determined. The mold is usually designed by CAO (computer-aided design) 

20 system, and hence the volumes of the compartments can be each obtained easily. 

For example, in the case of a mold 10 having a cavity configuration 11 as shown in Fig. 3. the resin 
injected through a nozzle first fills the region designated by a volume vi in Fig. 3, and subsequently enters 
the region designated by a volume v2 where not only the front end of the resin is made to turn at right 
angles but also subject to a great change in the sectional area of the passage, thereby causing a great 

25 change in the flow resistance. After filling the region specified by the volume v2. the resin advances to the 
regions specified by a volume v3 where the sectional area of the passage likewise greatly varies to change 
the flow resistance to a largs extent. Accordingly, the cavity depicted in Fig. 3 provides two border sections 
at which the flow resistance changes, that is, a border section between the region designated by the volume 
v1 and the region designated by the volume v2, and border sections between the region indicated by the 

30 volume v2 and the regions indicated by the volume v3, each region hatched differently. Thus, these border 
sections delimit the regions designated by the volumes vi, v2, and v3 respectively, as shown in Fig. 3. 

As described hereinbefore, the volumes vt to vN of the partitioned regions each having different flow 
resistance are previously established in the crder according to which each region is filled with the resin. The 
volumes vi to vN of the regions are then sot into the shared RAM 103 of the numerical control system 

35 through the CRT/MOI 114. Alternatively, the injection molding machine may be linked with the CAD system 
so that the volumes vi to vN of the regions can be directly input into the numerical control system by way 
of the CAD system. Additionally, the above-mentioned volumes vi to vN may be provided into the 
numerical control system by way of a storage device which stores features of the mold attached to the 
system and molding requirements for the use of that mold. When turning to a in-cavity resin position 

40 monitoring mode after the setting of the volumes vi to vN, the CPU 110 for the PMC initiates a series of 
processes as shown by a flowchart in Fig. 1. 

This process will thus bo explained heroinbelow. It is first judged whether an amount of cushion Lc has 
been input or the amount of cushion Lc has been preset (Step 200). If the input or presetting has been 
made, then an injection completion position is displayed on a display screen of the CRT/MDI114 (Step 

45 201). The amount of the cushion Lc which has been set becomes equaJ in value to the injection completion 
position since the extremity* of the heating cylinder 4 is usually positioned at the origin of the coordinates 
with the plus direction in which the tip of the screw goes away from the extremity of the cylinder 4. 
Afterwards, an index i is set at the number N of injection stages or the number N of the regions having 
differently set flow resistances (Step S 202). and a changeover position L i-1 from the (i-l)th stage to the ith 

so stage is determined based on the following expression (2) to display the result on the display screen (Step 
203). 
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L i-1 = Lc + I Sj 



N 

= Lc + 2 vj / [ (D / 2) 2 . tc ] (2) 

70 



Subsequently. "1" is subtracted from the index i to judge whether the index i is "0 H or not (Steps 204 

is and 205). The processes from step 203 to step 2G5 are then repeated until the index i becomes *0 M to 
display injection speed changeover positions LN-i to L0 in sequence, and. when the index i reaches "0*. 
these processes terminate. 

The above-described processes will bo explained by way of an example with respect to the cavity 
having a configuration as shown in Fig. 3 {the case where the number of regions which have been provided 

20 or the number N of injection stages is "3-). As seen in Fig. 2. a picture of the cylinder 4 and a screw 
coordinate axis indicating the position of the screw disposed below the cylinder 4 first appear on the display 
screen of the CRT/MDI1 14. Next, the injection completion position L3 corresponding to the amount of 
cushion Lc. which has been preset, is displayed on a predetermined display column of the display screen 
(Step 201). Simultaneously, on this display screen there appear the position L3 lying on the displayed 

25 screw coordinate axis as shown in Fig. 2. and a picture of the screw tip described correspondingly to the 
cylinder will be displayed on the screen. Then, the changeover position L2 ( = Lc + S3) from the injection 
speed in the second stage to the injection speed in the third stage appear at the predetermined point on the 
display screen (Step 203). At the same time, the display screen presents the position L2 lying on the 
display screw coordinate axis, and a picture of the screw tip described correspondingly to the cylinder will 

30 be displayed on the screen. Furthermore, on the screen there appears similarly the changeover position LI 
( = Lc + S2 + S3) from the injection speed in the first stage to the injection speed in the second stage. 
Finally, the screw back position L0 = Lb (= Lc ♦ S1 + S2 ♦ S3) will be displayed on the screen in the 
same manner as the abov9. 

The injection speed changeover positions L0 to LN of respective stages thus displayed in series serve 

js as reference positions in actually sitting the injection speed changeover positions. The above-mentioned 
positions Li and L2 may be possibly displaced slightly forward or backward in consideration of the 
requirements such as the viscosity of the resin, for example. 

It is to be appreciated that on the display screen there may be displayed a picture showing the section 
of the mold cavity and the partitioned regions identified by hatching or the like as shown in Pig. 3. in 

-jo addition to the values of the injection speed changeover positions and the pictures of the cylinder and the 
. screw tip as have been displayed in the above example. 

Moreover, in the above embodiment where the amount of cushion Lc is provided, the changeover 
positions are determined in sequence from the Nth stage (N denotes the number of the injection stages) to 
the first stage. Alternatively, when the screw back position Lb is set. or when it is determined based on the 

js amount of cushion and the entire volume of the cavity, the changeover positions may be determined in the 
reverse order such as from the first stage to the second stage, from the second stage to the third stage... 
from the (N-l)th stage to the Nth stage, and from the Nth stage to the injection completion position, starting 
from the screw back position Lb which has been provided or found. In this case, the amount of screw stroke 
Si for each stage is sequentially added, starting from the amount of the screw stroke Si for the first stage, 

so and then the added amount is subtracted from the screw back position to determine the changeover 
position for each stage. 

In the present invention, the screw position where each region is filled with the resin is found and 
displayed as the position where the injection speed is to be changed, based on the volume of each region 
having a different flow resistance in the cavity, thereby clearly defining the .relationship between the amount 
55 of the resin to be injected into the cavity and the screw prjsition. Thus/ the injection speed changeover 
position can be easily set on the basis of the displayed screw changeover position, in consideration of the 
requirements such as. for example, viscosity of the resin. As the relationship between the state of the resin 
injected into the cavity and the scrow position is presented to operators through display units, the 
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„ )ho to which cavity will be filled w.th the ream corresponding to the degree of the 

injection conditions and resulting damage of the cavity can be prevented. 
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a mafhrtH «f mnnitnrina a resin position in a mold davity. comprising the steps of: 
"pS^^r^d cavity into a p.ura-ity of regions with border sections where ,,ow resistance of 

^^^^^^^'^s into a control unit o, an injection molding machine: and 

2 ayin oTme display unit screw positions at the time when the front end of the resin reaches 
the Ser sections, and a screw back position, based on a screw diameter, the amount of cush,on 
which has been set. and said volumes of the regions, through said control un.t. 

A method of monitoring a resin position in a mold cavity, comprising the steps of: 

phoning the mold cavity into a plurality of regions with border sections where flow resistance of 

P0 ^^^S^^ a control unit o, an inject molding machine: and 

Slaying on the display unit screw positions at the time when the front end of the res, peaches 
the border sections in the cavity, based on a screw diameter, a screw back pos.fon which has been 
set. and said volumes of the regions, through said control unit. ( 

A method of monitoring a reein position in a mold cavity according to claim 1 or 2. wherein said, 
injection molding machine is controlled by the control unit having a processor, and said volumes of the 
regions are determined at the time of designing the mold by CAD system so as to be set .nto said 
control unit. 

A method of monitoring a resin position in a mold cavity according to claim 1 or 2. wherein on a display 
screen there appear a screw coordinate axis and a picture of a cylinder corresponding to said screw 
coordinate axis, and wherein on said screw coordinate axis there are plotted indexes each representing 
a screw back position, a screw position corresponding to the amount of the cushion, and screw 
positions where the front end of the resin reaches the border sections in the cavity so that the p.cture 
of the screw resting on each position can be correspondingly plotted on the cylinder being displayed. 

A method of monitoring a resin position in a mold cavity according to claim 4. wherein said display 
screen lurther displays a picture of the cavity section and the border sections. 
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